Crystal structures and NQR results are discussed.
Introduction
Recently we became interested in the structure and dynamics of orientationally disordered solids. Since we have studied by halogen N Q R a rather large vari ety of ammonium salts R N H 3 X -, X = Br,I [1] [2] [3] [4] [5] [6] , we found it favorable to investigate by 127I N QR tris-(hydroxymethyl) methylamine hydroiodide (2-hydroxym ethyl-2-am ino-l,3-propandiol hydroiodide), ((H O CH 2)3C (N H 3))+ I -1, for which com pound the crystal structure is known [7] . Neither for the hydro bromide of tris-(hydroxymethyl) methylamine nor for the hydroiodide by DSC [7] a phase transition that suggests the onset of orientational disorder and a plastic phase, was observed. Since N Q R is quite sensi tive to deviations of a crystallized compound from perfect ordering, we have studied the 127I N Q R on 1 and report and discuss the results of this study. The propane derivative tris-(hydroxymethyl)aminomethane ( = 3-amino-2,2-dihydroxymethyl-propanol-l) may form hydrogen bonds which involve the three OHgroups and the N H 2 hydrogen atoms (the N H 3 hy drogen atoms in the hydrohalides, respectively). A search for 79-81Br N Q R in (H O C H 2)3C N H 3 + B r" 2 was not successful.
It was also of interest to com pare 1 with propane derivatives having similar molecular shape, but fewer possibilities for forming hydrogen bonds, namely the dihydroiodide 3 and dihydrobromide 4 o f 1,3-diamino-2,2-dimethylpropane. The crystal structures of the two salts are reported here, as is the 127I and 79'81Br NQR. We compare the hydrogen bond with that of 1,3-diaminopropane dihydroiodide [1, 2] .
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Experimental
The com pounds have been prepared from aqueous solutions o f the respective amines which are commer cially available (Aldrich) and hydroiodic acid (hydrobromic acid). The solutions (pH about 3) were con centrated at room tem perature by evaporating the solvent slowly, and crystallized.
Small crystals o f 3 and 4 were selected and the crystal structures were determined from four circle X-ray diffractom eter data. F o r experimental details see Table 1 . The intensities were corrected for absorp tion and Lorentz-polarisation factor. The structure was determined by direct m ethods [8] . Hydrogen posi tions were located from difference Fourier syntheses and all atom ic coordinates were refined by least pro cedure [9] .
The 127I N Q R spectra have been recorded with a superregenerative spectrom eter as function o f temper ature T. The signal to noise ratio was > 20, using the lock-in technique and a time constant of 10 s. The required tem perature at the sample site was created by a tem perature-and flow-regulated nitrogen gas stream and by immersion of the sample in liquid nitro gen, respectively. T was measured via a copper-constantan therm ocouple to ±0.5°. The frequencies were measured with a frequency-counter. Their accuracy is determined by the line width to ± 5 kHz. The 79-81Br N Q R spectrum showed low signal to noise ratio, S/N < 3 and the tem perature dependence of the spec trum was followed up over a restricted range only. 4 3 crystallizes monoclinic, space group C |h-P 2 1/c, with Z = 4 formula units in the unit cell. The lattice constants are a = 731.2(3) pm, 0 = 689.0 (3) pm, c = 2255.1 (8)pm, ß= 104.90(1)°. F or further crystallographic data see Table 1 . The positional and thermal parameters of the atoms are given in Table 2 and in  Table 3 intra-and intermolecular (ionic) distances and angles are listed. F or the structure amplitudes, see [10] . In Fig. 1 we show a projection of the unit cell along b (short axis) onto the ac plane.
Results

The crystal structures of (H3NCH2C(CH3)2CH2N H 3)2 + 2I~ 3 and. (H3NCH2C(CH3)2CH2N H 3)2+ 2Br~
4 crystallizes monoclinic, space group C fh-C2/c, Z = 8, a = 2136.4(6), b = 854.6 (3), c = 1125.8(3), ß = 93.23 (1) . The positional and therm al param eters are given in Table 4 , the intra-and intermolecular (ionic) distances and angles in Table 5 . F o r the structure am plitudes, see [10] . In Fig. 2 the unit cell of the com pound is projected along the twofold axis [010] onto the ac plane.
The 1271 and 19'81Br NQR results
In Fig. 3 Table 2 are numbered and marked by asterisk. x,y,j + z m ination [7] . (There is probably a printing error in [7] ; we calculate from the published coordinates and the space group (cubic body centered) a distance N -H • • I which is far below the sum of the ionic radii of N H 4 and I -).
In agreement with the results of the crystal struc ture, the 127I N Q R spectrum of 3 is a quartet of which two lines correspond to the transition m = ± 1/2 *-* m = 3/2, and two to the transition m = + 3/2 <-> m = 5/2 (I (127I) = 5/2). In Fig. 5 the 127I N Q R frequencies are plotted as function of T. Assign ing Vj and v3 to one of the two crystallographically independent iodines, v2 and v4 to the other one, the Table 4 are numbered and marked by asterisk.
asymmetry param eter rj(1211), rj = \$xx -(PYY\/\<Pzz\
and the nuclear quadrupole coupling constant (NQCC), eQ<Pzzh~1(121l), e = unit charge, Q = nuclear electric quadrupole moment, ^zz = main principal axis of the electric field gradient tensor, EFGT, can be calculated. In Fig. 6 the results for 3 are shown in their dependence from T. It is common practice to describe the temperature dependence of N Q R frequencies by a 2 power series v= X (a i T')-The coefficients a t are i = -1 given in Table 6 for 1 and 3. Frequencies at selected temperatures are included. Table 7 gives rj(1211), eQ<Pzzh~i (127I) for selected temperatures, for 1 and 3 2 and the coefficients of the power series rj(1271)= £ (a, T ) and e<PzzQ h~1{l27l)= I (af 7<). H3N C H 2 C(CH3)2 CH2 N H 3)2+ 2 1 -(3 [ (H3 NCH2 ) C (CH3 ) 2 (CH2 NH3 ) ] 2 + 2B r-
• \L F or the Br N Q R of 4 frequencies at selected T and 2 the coefficients of v, = X (ai T') are given in Table 8 ; 
Structure and 1271 NQR of [H3NCH2C(CH3)2CH2N H 3]2 + 27" 3
The crystal structure of 3 is a quite regular packing of cations and anions in the unit cell. The carbon atoms C<2), C(1), C<3), C<4), and C(5) form a tetrahedron with C<2) in the center and distances d(C(2)-C (i)) be tween 159 and 151 pm, <d> = 155.6 pm, a value within the range expected for aliphatic C -C bonds. There is a weak distortion due to the shortening of the bond C(2)-C (4)H 3 and a lengthening of d(C(2)-C (5)H 3) compared to the mean value, due to the overcrowded geometry around C<2). Also the deviations of the an gles which include C<2) from 109° are induced by the dense packing around C(2). The mean is 108° but the extreme values are 113° and 106°, see Table 3 . Since angles are rather weak bond param eters, the angular distortion of the C 5 tetrahedron is not surprising.
If we take the ionic radii of N H 4 and I -from literature [11] , 160 pm and 200 pm, respectively, (I = 360 pm), we see that the distances N ■ • I we ob serve, 355 pm to 374 pm (Table 3) [12] , for the CsCl-type phase it is 378 pm [13] . the corresponding frequency pair. T he third argum ent for the frequency combination chosen is the depen dence of frequencies, N Q C C and asymmetry param e ter from T. F or I(1) rj(1211) is constant = 0.500 (5) over the whole range 7 7 < T /K < 4 0 6 and e<PzzQ h~1 (127I(1)) decreases smoothly with T, see Figure 6 . ?7( i27i(2)) decreases continuously w ith T as does the NQCC. We have no really strong argument for the assignment of the two N Q CC and the two >7 to I(1) and I(2) as we did. The coordinates of the N H 3 hydrogen atoms are not accurate enough to use hydrogen bond arguments for the assignment. The way out of the problem would be either a single crystal Zeeman N Q R or a spin echo double resonance (SEDOR) ex periment I *-* 2H with deuterated compound.
Structure and 19'81ßr NQR °f[H 3NCH 2C(CH3)2CH2NH 3]2+ 2 Br~ 4
As the structure of 3, the crystal structure of the corresponding dihydrobrom ide 4 is a quite regular packing of cations and anions, too. The characteristics of the symmetry in the dihydroiodide 3, the chemical bond of two crystallographic inequivalent C H 3 groups and two inequivalent C H 2N H 3 groups to the tertiary carbon C(2) is repeated in the dihydrobro mide. Also here, the cation is "crystallographic" unsymmetric besides the higher symmetry of the space group. The carbon-carbon distances in the cation of 4 are found between 152 pm and 155 pm, mean value 153.7 pm (see Table 5 ), within the range one expects for d (C -C ) in aliphatic bonds, somewhat shorter as d(C-C) in 3. This is not a point to be discussed be cause of the limits of error.
In Fig. 9 the unit cell of 4 is projected along [001] from z = 0.25 to z = 0.75 onto the ab plane. In contrast to 3, we find (compare Fig. 2 and Fig. 9 ) that in 4 there is a three-dimensional network of hydrogen bonded anions and cations. The size difference between B rand I -may cause this difference in the structure. There is another interesting difference in the hydrogen bond scheme between 3 and 4. In 3 we have hydrogen bonds N (1)H 3 • • • I(1) and N (2)H 3 • • • I(2) (see Table 3) whereas in (4) there is a "mixed" bond. N (1,H 3 forms two bonds with Br(1), one bond with Br<2) and N (2)H 3 is connected twice to Br<2) and once to Br (1) .
N o problem arises in sorting the Br N Q R lines into two groups because of the wellknown ratio of the nuclear quadrupole moments Q (79B r)/g (81Br) = 1.197. However there is no chance to prove our assign ment of Vj (79Br) to Br(1) which determines the assign ment of the other Br resonances, too. The allocation of Vj (79,81Br) to Br(1) cannot be proved as it was not unique in case of 3. Com paring the Br N Q R of 4 with the N Q C C (127I) of 3, for isomorphous salts we should find very similar coupling constant ratios N Q C C (B r(1)/N Q C C (B r (2) ) and N Q C C (127I(1))/ N Q C C (127I<2>) [14] . Using the relation v = %e<PzzQ h~1 (1 +J72/3)1/2, and rj = 0.50, respectively v1(79,81Br) for Br(1), q = 0.21, respectively v2(79,81Br) for Br(2), we find e<PzzQ h~1 (79'81Bvil))/e, Pzzh~1 (79,81Br (2) (2) is correct. However the final answer of assignment cannot be given on the basis of the present experi ments.
